To investigate the relationship with uncritical purchasing attitudes toward health-related goods, the authors devised a test for ability to interpret medical information (TAIMI) among the Japanese public, designed to measure numeracy, literacy, and also critical appraising skills. An online survey was conducted, and 6047 participants were randomly chosen from the Japanese public and 36 physicians. TAIMI score for the public was 3.9 ± 1.7 (mean ± standard deviation); the physicians' was higher at 6.2 ± 1.3 (P < .01). The lower TAIMI scoring group was more prone to purchasing health-related goods in response to exaggerated advertising than the higher-scoring one (P < .01). Factor analysis indicated that TAIMI included 2 factors related to the ability to critically appraise the validity and impact of evidence. In conclusion, TAIMI successfully measured the ability to interpret medical information, including the critical aspect of appraising validity and impact of the information. People competent in the interpretation tended to have more critical purchasing attitudes.
Introduction
Health-related information is ubiquitous throughout conventional media and the Internet. Anyone can easily access medical information whenever they wish because of advances in information technology. Now that the public, including patients, has more opportunity to independently retrieve medical information, it is important that they are able to appropriately interpret medical information that applies to their specific situations. Adequate interpretation of medical information is fundamental to a good doctor-patient relationship, shared decision making in medical care, and appropriate consumer behavior for purchasing and using health-related goods. This ability is analogous to the skill of clinical problem solving using the 5-step evidence-based medicine (EBM) approach: asking, acquiring, appraising, applying, and assessing. 1, 2 Thus, the patients' ability to interpret medical information that is found in media and online sources could be regarded as the layman's version of EBM competence.
Bass 3 defined health literacy as the "ability to read, understand, and use health information to make appropriate healthcare decisions." Patients without adequate health literacy have difficulty communicating with health care givers. Inadequate health literacy among medical consumers contributes to inferior shared decision making and ineffective behavior 4 and has a detrimental influence on health. 4, 5 Many Japanese probably do not accurately interpret medical information. Producers of a Japanese television show admitted to falsifying a scientific program in February 2007. 6 The show indicated that natto (fermented soybeans) was good for weight loss, and subsequently, the product sold out in supermarkets, despite the lack of supporting scientific study or evidence. This demonstrates that many people do not accurately interpret medical information and are uninformed consumers of health-related goods. Education is needed to improve the Japanese public's ability to interpret medical information.
The educational attempt to measure the public's ability to interpret medical information may improve health literacy and health outcomes and also provide a wider range of options and opportunities for health. According to a conceptual model of health literacy as asset, 7 tailored information, communication, and education based on prior understanding of individual capacity will lead to better health literacy and will finally improve health outcomes, healthy choices, and opportunities.
When considering education, it is necessary at the outset to evaluate the public's ability to interpret medical information. Valid instruments that can assess this ability will help clarify the current situation and evaluate the effectiveness of education.
Some tests for health literacy have already been developed. The REALM (rapid estimate of adult literacy in medicine) estimates literacy in medical terms. 4 The TOFHLA (test of functional health literacy in adults) measures patients' ability to read and understand health-related materials, 8 and the S-TOFHLA is the short form. 9 Schwartz et al 10 developed a test of patients' interpretation skills for medical data and reported on the validity and reliability of the test. The test's purpose was to measure ability to compare medical statistics on disease risk and disease reduction.
However, the REALM seemed to assess the basic ability to read, and the test developed by Schwartz appeared to emphasize numerical comprehension. It is insufficient to equate the ability to perform mere basic reading and numerical tasks with literacy and application of medical information. The required instrument must be capable of evaluating ability to "critically appraise evidence for validity, impact, and applicability," which is step 3 in EBM problem solving [11] [12] [13] ; therefore, an instrument to measure the ability to interpret medical information is required.
In Japan, there is little research on the public's ability to interpret medical information. The majority of Japanese are considered to enjoy basic literacy and numeracy; therefore, a more suitable instrument for this society has to be developed. We designed a test that measures not only basic reading skills and numeracy but also the skill for critically appraising medical information. Application of adequate measures will improve health outcomes as well as health literacy.
The purpose of the study was to design a test for ability to interpret medical information (TAIMI) among the Japanese public and to investigate the relationship with uncritical purchasing attitudes toward health-related goods.
Methods

Developing TAIMI
Previous studies have been conducted about interpretation skills for medical data. 10 We estimated different abilities for literacy or numeracy, and added questions to measure the ability to judge the validity of information.
The test was designed so respondents could complete it in a short time. It included a small number of medical questions because this type of question would be difficult for some respondents to answer. After producing the first draft, several physicians and other medical professionals were consulted to revise the questions (see Appendix A and B for revised questionnaire).
Internet Survey
From March 2006 to February 2007, 2 groups were surveyed online. One group was a sample of Japanese older than 15; medical professionals were excluded. A random sample reflecting stratification by gender, age, and region was drawn, using a research panel maintained by Yahoo! Research (Tokyo, Japan, http://research.yahoo.co.jp; see Appendix C).
Two questions were used to measure the respondents' medical consumer attitude and to investigate the relationship between the TAIMI score and a tendency to purchase health-related goods. One question measured the tendency to purchase a weight reduction pillow. The weight reduction pillows were considered an example of ineffective health-related goods because the product was marketed through exaggerated advertising. Authorities investigated the product, and the advertiser was charged for using unsubstantiated evidence. 14 The other question related to participants' regret after purchasing health-related goods.
The questionnaire included participant characteristics, TAIMI, and medical consumer attitudes. We hypothesized that participants with a low TAIMI score were more credulous than participants with high scores. This survey was concurrently conducted with a study investigating knowledge of EBM among the Japanese public, using a sample of more than 6000 respondents. 15 TAIMI was also administered to this sample, and all were chosen as participants in this analysis.
A second group, comprising physicians, was surveyed to compare their scores with the scores of the public and to validate TAIMI's questions. The physician sample was drawn from a research panel maintained by PLAMED Inc (Tokyo, Japan, http://www.plamed.co.jp). It was hypothesized that physicians would correctly answer TAIMI questions, whereas the public's score was expected to be lower than that of the physicians. A sample size of the physician group was relatively small compared with the general public group. It was because sample sizes were determined by the assumption that there was a relatively large difference in the means of TAIMI scores between 2 groups, which was 2 points.
Statistical Analysis
To compare 2 categorical variables between 2 groups, Fisher's exact test was used. To compare continuous variables, the independent samples t test was used between 2 groups, and the analysis of variance (ANOVA) was used among 3 or more groups. To determine the trend relationship between the TAIMI scores and detrimental purchasing attitudes, we entered the categorized score of TAIMI (low, middle, and high) as an ordinal variable into the logistic regression model. We also used the multiple logistic regression model, adjusting for participant characteristics (age, gender, urban living, and having visited a hospital in the past year). Factor analysis using the principal factor method was used to explore different aspects of ability to interpret medical information from the 7 TAIMI questions. Rotated factor loadings were estimated using the Harris-Kaiser rotation (HKPOWER = 0). SAS 8.2 was used for all analyses (SAS Institute Inc, Cary, NC). All comparisons were 2-tailed and considered statistically significant at P < .05.
Results
Participant Characteristics
The public participants included 6047 individuals, aged 49.8 ± 15.0 years (mean ± standard deviation [SD]); 46.2% were male (Table 1 ). There were 36 physicians aged 42.6 ± 9.1 years; 86.1% were male, and 63.9% had worked for more than 15 years.
TAIMI Score
The early version of TAIMI included 8 questions. One of the questions was dropped because only 11.1% of the physicians answered the item correctly, and it seemed unsuitable. The revised TAIMI included 7 questions (Appendix A). The interpretation score was considered to be the sum of correct answers, with a range of 0 to 7. Table 1 shows TAIMI scores and the proportion of correct answers for each question for the public and physician groups. The proportion of correct answers from the physician group was greater than 70% and consistently higher than that in the public group. The mean ± SD of the public scores was 3.9 ± 1.7 points and 6.2 ± 1.3 points for physicians (P < .001). The characteristics of the 2 groups might be different because of differences in age and gender; however, after adjusting for age and gender, the public score was significantly still 2.2 points lower than the physicians' score (P < .001). Figure 1 shows the distribution of scores for both groups. The distribution of public scores was almost symmetrical and not concentrated because the skew and kurtosis were −0.40 and −0.37, respectively. Table 2 and Appendix D show the relationship between participant characteristics and the TAIMI score. The scores were different by age group. The higher scores were associated with men living in large cities, those visiting hospitals currently or during the past year, and those searching for information about diseases or hospitals in medical books or online to counsel family members or friends. Table 3 shows the relationship between TAIMI scores and participant attitudes (Appendix B). The public was separated into 3 subgroups with low scores (0-2 points), average scores (3-5 points), and high scores (6-7 points). The participants in the low-score group (n = 1173) and high-score group (n = 1116) approximated a quintile. Low score was associated with a tendency toward purchasing health-related goods. In the low-score group, 11.4% were prone to purchasing a weight reduction pillow, as opposed to 8.2% in the high-score group even after adjusting for participant characteristics (age, gender, urban living, and having visited a hospital in the past year; adjusted P = .01). As far as experiencing regrets after purchasing goes, there were no significant differences among the 3 subgroups (adjusted P = .50). However, as 35.3% of the low-score group and 26.6% of the high-score group had resisted buying the health-related goods, the differences were also examined after excluding participants who had never bought. Among participants who had purchased a weight reduction pillow, the proportion of those feeling regret was 49.1% in the low-score group and 42.6% in the high-score group (adjusted P = .002). Finally, the associations between TAIMI score and a tendency to purchase a weight reduction pillow or to regret purchasing one were still significant, even after adjusting for participant characteristics.
Factor Analysis
Factor analysis of the 7 TAIMI questions produced 2 factors from the instrument (Table 4 ). In factor 1, Q1, Q2, Q3, and Q5 had high factor loadings above 0.3, with a Cronbach's α of .36. In factor 2, Q4, Q6, and Q7 had high factor loadings, with a Cronbach's α of .51. The final communality estimate was 1.38.
Discussion
A test was developed to assess the ability to interpret medical information, and 6047 individuals of the public and 36 physicians were surveyed for comparison. The public scores were more or less normally distributed (Figure 1 ). This distribution excluded the score's ceiling and flooring effects and helped delineate subpopulations with low and high scores.
The physician group answered most of the questions correctly, with an accuracy rate of 70% or above, and their scores were significantly higher than the public's scores-as hypothesized. Furthermore, compared with people with high scores, people who had low TAIMI scores had a greater tendency to uncritically purchase health-related goods like weight reduction pillows. Among people who bought health-related goods, people with low scores more frequently experienced regret than people with high scores. This further supports the validity of the instrument and suggests that a better ability to interpret medical information leads to critical purchasing attitudes and behavior. This implies that people who are effectively educated to interpret medical information would judge the validity of the information, and this would have an impact on their purchasing behavior toward health-related goods. Factor analysis revealed that the instrument content was divided into 2 factors. Factor 1 included Q1, Q2, Q3, and Q5: "What information do you believe to be the most important in helping you make your decision?" This factor may be related to interpretation of the internal validity of the information. On the other hand, factor 2 included Q4, Q6, and Q7-questions related to numeracy and the interpretation of the size of the effect. Each factor could correspond to "critically appraising evidence for validity" and "critically appraising evidence for impact"-in other words, step 3 of clinical problem solving in EBM. The reliability of the internal consistency for factor analysis might not be robust because all communality scores were below 0.3, and both Cronbach's αs were less than .6. This implied that there might be subdomains in both factors (Table 4 ).
For effective, shared decision making, not only health care providers, but patients also must be able to interpret medical information adequately. Woloshin et al 16, 17 reported that educational material can improve people's understanding of risk, although they were not able to demonstrate that better data interpretation led to better decision making. Our study showed that people with higher TAIMI scores had more critical purchasing attitudes. We did not observe actual behavior, but better interpreting ability could lead to better decision making.
It was conceptually proposed that health literacy included functional, interactive, and critical health literacy. 18 However, assessing interactive and critical health literacy will require additional assessment of oral literacy and social skills, such as those involved in negotiation and advocacy. The literacy assessed by TAIMI could correspond to critical health literacy. This study suggested the public health implication that critical health literacy was related to critical and appropriate attitude and might improve health outcomes, although these will require systematic development and testing in the same way that the existing TOFHLA and REALM measures have been developed and tested. 7 This study has a few limitations. First, there was concern that the research panel was less representative of the general population because an online survey was used. However, the objective of the study was not to generalize but rather to design an instrument and use it to measure a selected sample. Second, because TAIMI was composed of only 7 questions, the questions could not be repeatedly presented to the participants. For repeated measurement of the same sample, pools of such questions would have to be developed. Third, we acknowledged that some ambiguities still remained in the questions. For example, about 30% of physicians did not answer correctly in Q2. The ambiguities will be improved in a further study. Finally, instruments of this kind need to be associated with educational activities in society and schools outside the medical field. The instrument has yet to be applied in the field of public education. This instrument is still under development, and further study is required to produce a more reliable, valid instrument. In conclusion, an instrument was developed for measuring the ability to interpret medical information among the Japanese public. We suggested that a specific ability to assess the internal validity of information is required to interpret medical information as opposed to the abilities needed to perform mere basic reading or numerical tasks. The study revealed that people who were competent in the interpretation of medical information tended to have more critical purchasing attitudes. We hope to eventually use our instrument to educate the public and enhance the ability to interpret medical information. This will contribute to the public welfare and improve the relationship between patients and their health care providers.
Appendix A TAIMI Questions
When you are using the Internet or books, to find out about treatments for a certain disease, what do you think is the most reliable? What do you think is the most important evidence of the effectiveness of medicines for hypertension?
(1) Lowering blood pressure by 30 mm Hg on average (2) Reducing the onset of cardiac infarction or stroke by 30% among those who use the medications compared to those who do not use the medications (3) Preventing kidney disorder in an animal study (4) Reducing small shadows of cardiac infarction in MRI scan (5) I don't know
[Q3]
A TV show suggested that you should lower your cholesterol level by taking medicine if your cholesterol level is high. What do you think is the most important factor that would convince you of the effectiveness of the medicine?
(1) Three TV personalities took the medicine for a few years, and they were fine.
(2) The cholesterol level of people who took the medicine was lowered by 40 mg/dL on average. (3) A TV show's guest speaker is a doctor who said the medicine caused blood to be slicker (4) A study tracked people who had a high cholesterol level; 1000 took medicine and 1000 did not take medicine. The incidence of cardiac infarction for those taking medicine was lower. (5) I don't know
Mr. A is treated for diabetes and hypertension. The possibility that people of Mr. A's age have cardiac infarction in 5 years is 10%. If Mr. A gets treatment to lower cardiac infarction by 30%, what is the possibility that Mr. A will have cardiac infarction after the treatment?
(1) −20%; (2) 3%; (3) 7%; (4) 70%; (5) I don't know
[Q5]
A doctor explained a treatment and he said the incidence of adverse event was 5%. What was the meaning of his explanation?
(1) Quite a lot of people will experience the adverse event (2) 5 of 100 people who had the treatment would experience an adverse event (3) There will be an adverse event for 5 days in 100 days (4) Nobody can predict who will experience an adverse event (5) I don't know
[Q6]
The figure shows the proportion of the people who do not experience a recurrence of cancer after they have surgical treatment.
What is the possibility that people will not have a recurrence of cancer 5 years later?
(1) About 2.5%; (2) [Q7]
The figure shows two situations of cardiac infarction for a 5 year period; one situation is that 100 elderly people with hypertension take medicine. The other situation is that they take no medicine.
(continued)
